ABSTRACT
M
andibular actinomycosis (MA) is an uncommon disease caused by Actinomyces israelii. 1 Actinomycosis infection typically manifests as a chronic disease resulting in multiple abscesses, firm soft tissue masses, and the presence of sulfur granules in exudates or tissues. 2 When the infection involves bone, osteolysis is likely to occur. 3 In the maxillofacial region, infection is frequently of odontogenic origin, the result of oromaxillofacial trauma, dental manipulation, or dental caries. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Intraoral and panoramic radiographs are often used to assess various diseases and conditions of the maxilla and mandible in the dental clinic, 3 but the imaging findings are often nonspecific, and differentiating actinomycosis from other inflammatory or infectious conditions or from neoplastic processes is difficult and often necessitates additional imaging.
2,4 A few reports have described imaging findings of actinomycosis in the head and neck, [2] [3] [4] 6, 8, 11 but the CT and MR imaging characteristics of MA have not been fully described. The purpose of this study was to evaluate the characteristic CT and MR imaging findings of MA.
CASE SERIES

Patients
After institutional review board approval, a retrospective review of our imaging data base was performed to identify patients with pathologically proven MA between April 2006 and November 2008. Both the dental history and the chief presenting complaint were evaluated, and the preoperative initial imaging diagnosis was reviewed. Histologic diagnosis was established after surgical excision in all patients.
Imaging Analysis
CT studies were performed with a 64-row multidetector CT scanner (Aquilion 64; Toshiba Medical Systems, Tokyo, Japan) with the following parameters: reconstruction thickness, 0.5 mm; tube voltage, 120 kV; tube current, 100 mA; and field of view, 240 mm ϫ 240 mm. In all cases, multiplanar reformations in the coronal and sagittal planes were provided (1.0 mm ϫ 3.0 mm). All images were reconstructed by use of bone and soft tissue algorithms and evaluated in bone and soft tissue windows, respectively (bone window, level: 500, width: 2800; soft tissue window, level: 30, width: 300). MR imaging was performed by use of a 1.5T MR scanner (Intera Achieva 1.5T; Philips Healthcare, Best, the Netherlands) with a head coil. Axial and coronal spin-echo T1-weighted images (TR, 500 -600 ms; TE, 9.0 ms; section thickness, 6 mm), turbo spin-echo T2-weighted images (TR, 6000 -8000 ms; TE, 130 ms; section thickness, 6 mm), and STIR (TR, 2500 ms; TE, 50 ms; TI, 180 ms; and section thickness, 6 mm) images were obtained in all patients. Contrast was administered in 1 FIG 1. A 68-year-old woman with discharge of pus on the right side of the face. A, Panoramic radiograph reveals a large osteolytic region (arrows), with a floating tooth (arrowhead), in the right mandibular body crossing the midline. Axial CT in bone (B) and soft tissue (C) windows reveals an ill-defined osteolytic lesion in the right mandibular body crossing the midline (arrows). Note extensive demineralization of the buccal and lingual cortices and extensive soft tissue infiltrative change extending to the skin (arrowheads). D and E, Coronal CT in soft tissue window shows bone destruction and fistula from the mandible to the skin (arrows). F, Axial T1-weighted MR image shows heterogeneous, low signal intensity in the lesion involving the mandible and surrounding soft tissues (arrow). G, Contrast-enhanced axial T1-weighted MR image shows heterogeneous mass with moderate contrast enhancement in the lesion involving the mandible and surrounding soft tissues (arrow). H, Coronal T2-weighted MR image shows a fistula (arrow). I and J, Axial STIR MR images shows multiple mildly reactive nodes with increased signal intensity in levels IA and IB (arrows). K, Photomicrograph of a specimen shows actinomycotic granules (arrowheads) and presence of sequestra (arrows) (hematoxylin-eosin stain, original magnification ϫ 200).
patient who underwent CT scanning and 2 patients who underwent MR imaging. Two radiologists (Y.S. and T.K.) independently reviewed the CT and MR images, and any discrepancy was solved by consensus of the 2 radiologists. The location, extension, margin, attenuation or signal intensity of the lesions, associated osteolysis or sclerosis, periosteal reaction, intralesional gas, fistula formation, enhancement pattern of the lesions, and presence of cervical lymphadenopathy in levels I and II were recorded. The margins of the lesions were classified as either well-or ill-defined. Lymphadenopathy was defined as a lymph node Ͼ 10 mm in the short axis or by the presence of an intranodal abscess. A lymph node measuring Ͻ 10 mm in the short axis with increased signal intensity on STIR images but without intranodal abscess was considered to be a reactive node.
Imaging Findings
Review of our imaging data base revealed 6 patients with pathologically proven MA (3 men and 3 women; mean age, 51 years; age range, 28 -68 years). A history of extraction of the third molar was seen in 3 patients. On physical examination, all patients had pain and swelling of the affected areas suggestive of chronic inflammation or infection, but a neoplastic process could not be completely excluded. Therefore, these patients underwent CT and MR imaging studies. Some patients had multiple findings involving muscles and/or parotid and submandibular glands. The number of various organs involved is more than the number of patients.
All 6 patients underwent unenhanced CT scanning, and 1 of 6 patients subsequently received an additional contrast-enhanced CT scan. The lesions demonstrated irregular margins with soft tissue inflammatory changes, which extended to the surface of the skin in all cases (Figs 1 and 2) , and a soft tissue fistula was seen in 4 patients (Fig 1) . Periosteal reaction was observed in 4 patients (Fig 3) . Moderate heterogeneous contrast enhancement was seen in a patient who received intravenous contrast administration (Fig 2) . Intralesional gas was seen in 4 patients (Fig 4) ( Table 1) .
On MR imaging scans, the lesions demonstrated signal intensity similar to muscle on T1-weighted images (Figs 1  and 2) , and intermediate to high signal intensity on T2-weighted images. Heterogeneous, moderate enhancement was seen within the lesions, bone marrow, and affected soft tissues in 2 patients who received intravenous contrast (Figs 1 and 3) . Ad- jacent soft tissue involvement was seen in all patients on MR imaging. Involvement with inflammatory change of the masseter muscle was seen in 4 patients. Four patients had involvement of the masseter, lateral pterygoid, and medial pterygoid muscles (Fig 4) . Three patients had involvement of the parotid and submandibular glands. The parapharyngeal space was affected in 3 patients (Figs 1 and 2) ( Table 2) .
Pathologic cervical lymphadenopathy was not seen in any patients, but reactive-appearing nodes were visualized in levels I and II in all patients (Fig 1) .
DISCUSSION
Actinomycosis is an unusual chronic suppurative bacterial infection usually caused by A israelii that most often affects the cervicofacial region, accounting for approximately 50% of all patients. 5 Most reports note a predilection for male patients with a male-to-female ratio of 3:1-4:1.
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The clinical diagnosis of actinomycosis is difficult, as it may mimic a neoplasm. 2, 4 The most common clinical finding of actinomycosis is a firm palpable mass with a subacute clinical course. 4 Approximately half of patients present with a low-grade fever. 7 Because actinomycosis species are anaerobic bacteria that cannot penetrate healthy tissue, mucosal breakdown is a prerequisite for infection. 5 Roughly half of patients have a history of local trauma resulting in mucosal breakdown, with poor dental hygiene, caries, oral trauma, dental extraction, and an immunocompromised status being important predisposing factors. 5 A presumptive diagnosis of actinomycosis can be made by identification of sulfur granules in an abscess or in the secretions from a sinus tract, 6 but only 10% of actinomycotic infections are correctly diagnosed at the time of initial presentation. 7 The diagnosis of actinomycosis is made most accurately by isolation of Actinomyces species in cultures of clinical specimens. 6 The visualization of actinomycotic granules in exudates or in histopathologic tissue sections is strongly supportive of the diagnosis. 7 In the literature, an enhancing soft tissue mass with invasion in the cervicofacial region and rarefying osteomyelitis in MA have been described. 2 In our study, all lesions had ill-defined, infiltrative margins with surrounding soft tissue inflammatory response that extended to the skin. Soft tissue fistula/ sinus tract formation and intralesional gas were seen in 4 of 6 patients; these findings are useful to differentiate actinomycosis from other infection. Osteomyelitis caused by actinomycosis demonstrates intralesional gas from anaerobic breakdown or fistulas within the mouth, whereas mandibular osteomyelitis caused by other organisms does not typically result in fistulas or intral- esional gas. 12 MR imaging has higher accuracy in the detection of inflammatory and infiltrative changes in the surrounding soft tissue extending to the skin, 13 particularly in the muscles of mastication, though visualization of gas is challenging. Although bone marrow signal changes of MA were similar to osteomyelitis secondary to other causes, 13 very extensive soft tissue inflammatory and infiltrative changes in the surrounding soft tissues extending to the skin may be useful in the differentiation of actinomycosis from osteomyelitis due to other causes. In particular, extensive soft tissue inflammation extending to the skin surface and forming fistulas appeared to be characteristic for actinomycosis.
Lymphadenopathy is thought be a relatively uncommon finding in actinomycosis because the organism does not spread via the lymphatic system secondary to the size of the bacterium.
1,2 None of our patients showed lymphadenopathy measuring more than 10 mm in the short axis, though mildly reactive nodes with increased signal intensity on STIR images but without intranodal abscess were seen in all patients. An et al 14 reported that cervical lymphadenopathy was present in approximately 40% of mandibular osteomyelitis cases from ordinal bacterial infection. Therefore, absence of lymphadenopathy may be suggestive of MA rather than other acute or chronic infections or malignant tumors, particularly in patients with extensive soft tissue changes with fistula formation.
CONCLUSIONS
CT and MR imaging findings of MA were reviewed. Characteristics imaging findings including the presence of intralesional gas, osteolytic changes with extensive inflammatory changes in the surrounding soft tissue extending to the skin surface, fistula formation, and absence of lymphadenopathy were frequently seen and are helpful in narrowing the differential diagnosis. 
